PERTUSSIS

I. Historical perspective


A. A classic "childhood illness" that in fact affects patients of all ages.



1. Interestingly enough, not reported in ancient times (unlike smallpox, plague, and others)



2. First described in England in 1540; first historical epidemic was in Paris in 1578



3. Old names included "the kink" (Scotch for fit), tussis perennis, hooping cough, and others; 




finally termed pertussis (violent cough) by Sydenham in 1679



4. Organism isolated in 1906, and by the 1930s, vaccines were being developed. 



5. Widespread pertussis vaccination was advocated by the AMA by 1944.


B. Incidence



1. In the pre-vaccine era, incidence in the US was variable, ranging in cyclic fashion from 




100-250/100,000 per year; after introduction of immunization in the 1940s, incidence here fell 




markedly. It is currently said to be about 3-4 per year per 100,000 population. The actual 




incidence is surely much higher in all age groups; one paper suggests that actual illness rates 




are 40-160 times as high as reported rates! Reasons for missed diagnosis:




a. Medical attention not sought (particularly among the uninsured)




b. Diagnosis was not considered by the treating physician (particularly if the patient was an





adult or had a mild case)




c. Diagnostic tests were not accurate or sensitive enough




d. Alternate diagnosis felt to be present (some cases of "SIDS" are actually pertussis; in 





addition, other pathogens such as RSV or influenza are present concomitantly and may be





more likely to be screened for)



2. Unfortunately, complete eradication has not been achieved, and the incidence seems to have 




been increasing recently. Though the recent increase in reported pertussis may be in part due 




to improved diagnostic tools, many experts also believe there is a real increase in incidence of 




infection despite use of the vaccine in most of the first world. 



3. Whether the total incidence is increasing or not, the epidemiology has changed in the US. Prior 




to widespread vaccination, 85% of cases were in children 1-9 years old. Now those children 




are largely immune; in 2001-2003, the following case distribution was reported by the CDC:




a. Infants: 23% of cases (and the majority of those were infants <6 months of age, who are at 





much greater risk from pertussis)




b. Children: 1-9 years: 21%




c. Adolescents: 10-19 years: 33%




d. Adults 20 years and greater: 23%



4. Note that adolescents and adults are likely to continue school attendance or employment and 




thus may transmit the infection to others


C. The international perspective



"In the 1990s Bordatella pertussis caused an estimated 20 to 40 million cases of pertussis 




worldwide and 200,000 to 400,000 deaths each year". Canadian Medical Association Journal,




172(4): 509-515, February, 2005.


D. Possible reasons for resurgence in the Western world



1. Limited duration of immunity from vaccine or even full-blown infection: immunity declines 




after 5-10 years or so. Adolescents and adults have not routinely been given booster doses 




until recently (see below), rendering almost all of them vulnerable. In addition, there have 




been some suggestions that vaccines used in the 1990s were somewhat less effective; the




recipients of those vaccines are now in their teens.



2. Incomplete adherence to vaccination regimens (even in the U. S. where they are available, a




significant number of parents reject vaccination for their children)



3. Failure of diagnosis of infected individuals - who then spread the infection.



4. Aggressive campaigns to limit antibiotic use may have prevented a number of adolescents and




adults from being fortuitously treated with azithromycin for undiagnosed respiratory illnesses




(illnesses which might have been pertussis and could have responded to azithromycin).



5. Bad luck?

II. Bordatella pertussis and its effects


A. Bordatella pertussis is a Gram negative coccobacillus which flourishes in the respiratory mucosa of 



its victim; the organism itself does not spread systemically, though it produces a number of toxins 



which may have a more widespread effect.



1. Highly contagious: 80-100% transmission to exposed individuals with no immunity



2. A pure human pathogen: there is no animal reservoir, which means that (like smallpox and 




unlike malaria, influenza, and other major killers) it could be completely eradicated by a 




successful public health campaign



3.Specific effects of the organism and its toxins




a. Ciliary paralysis and injury to respiratory epithelium




b. Local inflammatory response with mucus production




c. Prolonged cough, with or without whooping or post-tussive emesis is the hallmark of the 





disease; pertussis has rightly been termed the "100 day cough"


B. Severity of illness varies with age, immune status (previous infection or vaccination as well as 



overall immune competence), and possibly with organism virulence and magnitude of exposure. 


C. Clinical phases of infection (see appendix for a 1902 description of the phases of pertussis)



1. Incubation period is usually 6-10 days, though it may be as much as 3 weeks in some patients



2. Catarrhal period




a. Duration is usually 1-2 weeks




b. This phase of infection mimics all other URIs, with rhinorrhea and malaise as well as 





conjunctivitis, mild cough, and low-grade fever.




c. Diagnosis is unlikely in the catarrhal phase, which is regrettable, as it is in this phase that 





the disease is most contagious, and it is also in the catarrhal phase that antibiotic 





administration is most likely to ameliorate the patient's subsequent clinical course.



3. Paroxysmal phase




a. Lasts 1-6 weeks; victim may be contagious for 3 weeks of this phase




b. Characterized by paroxysms of coughing (which may awaken the patient from sleep) 





during which the victim develops air hunger and may become frankly hypoxic. The 





typical whoop is not universally present, particularly in very young or partially immune 





patients, but when present, is a classic indicator of pertussis. 





1). The actual cause of the whoop has not been satisfactorily studied, but it seems likely






to have a significant component of laryngospasm, given that victims are not






stridorous between episodes. Secretions surely exacerbate the airway obstruction.





2). Vomiting is common after an episode of paroxysmal coughing, and it contributes to






dehydration, particularly in the victim of frequent spells which preclude feeding.





3). Apnea or syncope may also follow a severe paroxysmal episode




c. Note that many of the complications of pertussis result from these potentially frequent and





very forceful coughing spells. Among these are:





1). Dehydration





2). Malnutrition and hypoglycemia may also result in a child with poor reserves, minimal 






caloric intake, and high energy expenditure with coughing. In fact, refractory 






hypoglycemia has been reported in some newborn pertussis victims.





3). Air leaks (pneumothorax, pneumomediastinum, etc.)





4). Subconjunctival or peri-orbital hemorrhages, epistaxis, or even intracranial 






hemorrhages in some unfortunate victims





5). Rib fractures, back pain





6). Tongue injury (torn frenulum, bitten tongue)





7). Hernias





8). Rectal prolapse





9) Reported adult complications related to forceful coughing






a). Urinary incontinence (primarily in women, especially those > 50 years of age)






b). Carotid artery dissection






c). Herniated disk




d, Note that fever is not typical of this phase unless superinfection has developed



4. Convalescent phase




a. Duration may be up to several months




b. During this phase, the acute coughing episodes gradually regress in frequency and severity,





though significant Sx may continue for an extended interval: there is good reason that 





the cough of pertussis is often termed the "hundred days cough"


D. Lab results



1. Diagnostic tests: note that even current diagnostic tests are not foolproof, particularly if 




screening is undertaken late in the course of illness). Negative results DO NOT rule out 




the possibility of pertussis). 




a. Clinical diagnostic criteria include cough of >2 weeks' duration without known cause





associated with one or more of the following additional findings: paroxysmal cough, 





whoop, or post-tussive emesis. During community outbreaks, the clinical definition is





liberalized to > 2 weeks of cough.




b. PCR on nasal washings or posterior nasal swab (note that DFA is no longer recommended 





by the CDC)





1). Currently the most desirable test, both because of results can be available rapidly and






because it may remain positive even when the organism is non-viable and culture






results will be negative. However, PCR testing for pertussis is not well standardized, 






and accuracy varies from lab to lab. False positive and negatives both occur.





2). Use a dacron or rayon swab (cotton can inhibit growth of the organism, and calcium 






alginate can inhibit polymerase chain reaction)





3). Culture should usually be obtained at the same time as the PCR for possible 






subsequent confirmation of the diagnosis(see below).




c. Culture





1). Sputum culture for pertussis may be undertaken and if positive, is the clearest 






indication of pertussis infection. Confirmation via culture of cases identified with






PCR screening is usually recommended up to three weeks after onset of cough.





2). Unfortunately, results are delayed, and the false negative rate is high, as the organism 






is difficult to grow and may no longer be present or viable by the time the patient






presents (particularly if antibiotics have been given or the patient was immunized).





3). Note that sputum should also be cultured for other pathogens, as superinfection is 






common and other pneumonias may require additional therapy.




d. Serology





1). Acute and convalescent sera may be used to demonstrate increasing titers to pertussis 






toxin, filamentous hemagglutinin, pertactin, and fimbriae, and in research studies, 






serology may be a useful means of confirming pertussis infection. However, these 






studies are much more difficult to obtain in clinical practice. In addition, if the 






patient first presents late in the infection, no acute titer can be obtained. (However, 






there has been some suggestion that a single high titer late in illness may be 






diagnostic in adolescents and adults).





2.). This approach is not useful in clinical management, as the result is delayed; decisions






about antibiotic therapy cannot await the results.




e. Given difficulties with all of the tests, combinations are recommended:





1). Cough present for up to 3 weeks: culture and PCR





2). Cough present for 3-4 weeks: PCR and serology





3). Cough present for > 4 weeks: serology alone



2. CBC findings often demonstrate marked lymphocytosis, and the total lymphocyte count may be 




dramatically increased. Indeed, white blood counts over 100,000 (resulting in risk of WBC 




thrombi with increased pulmonary vascular resistance) have been felt to be contributing if not 




primary causes of pulmonary hypertension. Leukopheresis or exchange transfusion have used 




in some of these patients, with mixed results.



3. Chest X-ray may demonstrate perihilar infiltrates with hyperinflation elsewhere, or it may 




demonstrate atelectasis, extensive pneumonia, or air leak such as pneumomediastinum or




pneumothorax. Note that none of these are specific for pertussis.



4. Chemistries may demonstrate hypoglycemia (especially in small infants who have been unable 




to eat) and findings of dehydration, including sodium abnormalities and elevated BUN. 


E. Complications 



1. Pneumonia is a common and serious complication. It may be due to pertussis itself, but it may




also result from overgrowth of other pathogens in the wake of paralyzed cilia, significant




increase in secretions, and damage to respiratory epithelium. Viral pathogens such as RSV,




influenza, or adenovirus have been reported, and a variety of bacterial pathogens (including 




pneumococcus, Pseudomonas, Hemophilus) can also overgrow and result in a potentially fatal 




outcome.



2. Mechanical complications (air leaks, etc, as noted above)



3. Complications of decreased intake of fluid and calories as noted above



4. Neurological complications




a. Cause has been debated: hypoxia alone versus hypoxia plus toxic effect. Elevated 





pertussis antibodies in CSF were found in one reported patient, and it was suggested that





this demonstrated entrance of at least some pertussis antigens into the CNS.




b. Seizures and encephalopathy are commoner in young infants (3% and 1% incidence, 





respectively, in infants < 2 months of age) and are associated with higher morality. They 





may result in permanent sequelae among survivors.




c. Note that encephalopathy occurs significantly more commonly in unimmunized victims





than among those who developed pertussis following vaccination.



5. Pulmonary hypertension




a. A severe, potentially life-threatening complication




b. Often associated with marked increase in WBC count



6. Cardiovascular




a. Acute dysrhythmias have been reported in children




b. Adults may develop angina



7. Other sites of infection, including sinusitis and otitis media



8. Sleep disturbance on a protracted scale has been a significant source of misery to victims




(mean was 14 nights, but some patients suffered sleep problems for >60 nights)



9. Sweating episodes are common in adults > 30 years.


F. Variable presentation among different age groups



1. Clinical symptoms




a. Newborns and young infants





1). Note that while there does not appear to be transplacental transmission of the 






infection, there is also no significant transplacental transmission of immune 






protection. (Most mothers are no longer immune to the disease). Newborns can thus 






acquire pertussis shortly after birth, at which point they are most vulnerable, as they 






will have had no vaccinations or maternal antibody protection.





2). In infants, the classic paroxysmal cough and whoop may not be seen; newborns and 






very young infants may simply present with signs of URI, including tachypnea and 






mild (if any) cough as well as feeding problems. Apnea, cyanosis, and bradycardia 






may develop subsequently, but in the absence of a classis picture of pertussis, these 






infants are often assumed to have RSV or other viral infection. Note that newborns 






may also not demonstrate the classical lymphocytosis of pertussis.




b. In adults, the classic picture may be present, but a number of victims instead have atypical





courses with prolonged dry cough which may be attributed to bronchitis or smoker’s 





cough. Adults may not demonstrate the typical CBC abnormalities of pertussis, either. 





These factors add significantly to the risk of underdiagnosis and continued transmission 





of the illness to others. It has been estimated that up to 30% of adults with a cough of





>2 weeks' duration (without any other classic symptoms) in fact have pertussis.



2. Risk of severe complications or mortality




a. Mortality from pertussis is primarily in infants, particularly those who have not yet received





vaccinations. In the US in 2001-2003 as reported by the CDC:





1). 56 deaths occurred; 51 (91%) were in infants < 6 months, and 42 (75%) were in 






babies in the first 2 months of life.





2). Need for hospitalization was 69% among infants <6 months of age (in comparison to






1% among adolescents)





3). Note that there may be significant underestimation of deaths in infants due to 






pertussis, as some of the victims may be assumed to have died of SIDS or other 






causes.





4). Predictors of death from pertussis in a Canadian study were pneumonia and marked 






leukocytosis (>55,000). Among the 16 victims were two who had concomitant 






infection with viral pathogens and two who developed secondary pneumococcal 






pneumonia and sepsis. Infants with seizures or hypoxemia after admission were also 






more likely to die. The only victim > 2 months of age in this study was a 6 month






old who had had only one pertussis vaccine instead of the three which should have 






been received by that age.





5). The mortality rate for infants < 6 months in another Canadian study was 1%, while in 






a US study, 0.8% mortality was reported in infants <6 months





6). Mortality seems to be higher among Hispanics. It is also higher in girls than in boys in






some series.




b. Pulmonary complications including pneumonia, air leak, and/or pulmonary hypertension 





are the commonest causes of death. Neurological complications and acute cardiac arrest 





have been reported in other victims who succumbed to pertussis.




c. Adolescents may occasionally suffer significant complications from pertussis, though death 





from it is rare in this age group.




d. Occasional adults also die of pertussis, though it is unclear how many and whether 





underlying factors such as age, immune competence, lung disease, or heart disease 





increase the risks of pertussis in adults. (Note that failure of diagnosis is likely in this 





group, so the actual morbidity and mortality are not known).


G. The international perspective: the WHO international pertussis initiative. 



1. See the entire supplement of the May, 2005 Pediatric Infectious Disease Journal


2. Full eradication of pertussis will require an international campaign

III. What do we do about pertussis?


A. think of it and make the diagnosis

B. Prevent spread



1. New vaccines (including one for all of us!!) were FDA-approved in spring, 2005.




a. The new vaccines are acellular and combined with tetanus and diphtheria toxoids: Tdap. 





The concentration of acellular pertussis and diphtheria toxoid is lower in these than in the 





standard infant vaccines. Two are available:





1). Adacel (Sanofi Pasteur): approved for ages 11-64 years





2). Boostrix (GlaxoSmithKline): approved for ages 10-18 years




b. The Tdap vaccine is anticipated to be around 90% effective NEJM 353 (15): 1555-1563, 





October 13, 2005. Note that the control incidence of pertussis among subjects 





15-65 years of age suggested an actual annual rate of 370/100,000 in this age group!





That figure would indicate 1 million cases annually in the US in that age group.




c. Recommendations for the new vaccine:





1). Should replace the Td booster in the vaccination schedule among adolescents 






(or should be given in addition to it among those who have received their Td






dose as scheduled; the extra dose should be spaced at least 2 – and ideally 5 – years






after a previous Td dose).





2). "Healthcare personnel who work in hospitals or ambulatory care settings and have 






direct patient contact should receive a single dose of Tdap as soon as feasible if they 






have not already done so. Those with contact with infants should be top priority".






CD Summary (from Oregon State Public Health), March 7, 2006





3). Should be given to all adolescents and adults who have contact with infants (parents, 






grandparents < 65 years of age, child-care providers, etc.), ideally at least 1 month 






prior to contact





4). Victims who present with dirty wounds should receive Tdap (if available) in place of 






Td if they have not received Tdap previously





5). In the long run, should probably be substituted for tetanus boosters for all adults.





6). Special consideration has been given to vaccinating pregnant women in order to 






enhance passive immunity of their young infants in the months before infant 






vaccination can be undertaken. However, this has not been studied and is not an






official current recommendation.





7). These vaccines are new, and there are no recommendations for boosters at this point 






(though that may well change). They should ideally be spaced > 2 years from a 






routine tetanus booster. 





8). Contraindications to Tdap






a). History of prior anaphylaxis to components






b). Encephalopathy without diagnosed alternate cause within 7 days after a prior







pertussis vaccine






c). Guillain-Barrè syndrome within 6 weeks of a prior vaccine containing tetanus 







toxoid (note that there is no acellular pertussis vaccine available which does not 







contain tetanus toxoid)






d). Other (moderate or severe illness at the time of proposed vaccination, unstable







CNS problem, history of sensitivity to tetanus toxoid)




d. DTap is available to Providence staff members in the 




employee health department.


2. Be an advocate for vaccination in the community!


3. Mask whenever treating a patient who may have it


4. Isolation of victims




a. Type of isolation: droplet




b. Duration





(1). Five days after initiation of antibiotics





(2). Twenty-one days after onset of spasms if antibiotics are not given



5. Prophylaxis of contacts: REPORT TO THE HEALTH DEPARTMENT



a. Who should be considered (note that what actually constitutes exposure is poorly defined)





1). Household 





2). School, daycare, medical staff, etc.




b. Timeframes





1). If the patient had been coughing for > 3 weeks at the time of the exposure, 






prophylaxis is not indicated, since he was presumably no longer infectious





2). If the time of the exposure was > 3 weeks prior to the time prophylaxis is considered, 






it is probably no longer necessary (but can be considered for high-risk individual or 






an individual who has contact with others at high risk).




c. Means of prophylaxis





1). Antibiotic prophylaxis: CDC recommendations are for the same antibiotic regimen






as is recommended for treatment of the disease





2). Accelerated vaccination schedules may be recommended during community 






outbreaks: infants can receive their first DTaP at age 6 weeks with boosters at 






4 week intervals 



6. Costs of pertussis if prophylaxis is not accomplished:




a. Infants (especially those <6 months of age) may require prolonged hospital care, and they





may also die. 




b. In children and adolescents, prolonged coughing, weight loss, missed school, and risk of 





spreading the infection to classmates and others




c. Studies of economic costs of pertussis to victims and families have yielded variable results.





1). In a retrospective New York study of 107 patients with pertussis, the per case cost 






proved to be about $3500; this total did not include public health costs of screening, 






prophylaxis, and staff time.





2). In a prospective study of 87 patients from the same county, medical costs varied with 






age from about $2800 in infants down to $180 in adults. Non-medical costs were 






related primarily to missing work (7-10 days) and added an additional $767 to the 






price tag. Public health costs were not included in these totals.




d. Pertussis outbreaks among healthcare workers have occurred and are particularly 





worrisome because of risk of transmission to already-sick patients. Not only are such 





outbreaks dangerous but they are expensive. 
A study of an outbreak among staff in a





Pennsylvania hospital (where 17 staff members contracted pertussis after a 1 day 





exposure to an infected infant) concluded that the cost of the incident was >$80,000 , 





which included nearly $75,000 cost to the hospital for infection control measures and 





>$6500 in costs to the infected staff members. 




e. Public health costs of responding to outbreaks can be very significant (note extensive





staff time required for investigation as well as costs of testing and antibiotics)




f. One estimate of the total annual cost of pertussis in the US was $980 million, while another 





suggested that adolescent vaccination might save $1.6 billion/year!


C. Treatment of the victim



1. Antibiotic therapy




a. Azithromycin is the treatment of choice; clarithromycin may also be used, though it is not





FDA approved for pertussis





1). The ease of treatment and patient tolerance are preferable, and the efficacy is 






comparable to the previous usual erythromycin regimen.





2). In young infants, erythromycin may contribute to the development of pyloric stenosis, 






which does not seem to be associated with newer macrolides. Azithromycin is the






only recommended antibiotic for therapy of neonatal pertussis.





3). Dose:






a). Infants 5 months or younger: 10 mg/kg/day x 5 days






b). Patients > 5 months: 10 mg/kg x 1 (to maximum 500 mg) followed by 5 mg/kg 







per day (to maximum 250 mg) x 4 days




b. Trimethoprim/sulfa is used for patients who cannot be given macrolide antibiotics. 





1). Note that the treatment interval is longer: 4/20 mg/kg per dose of TMP/SMX to 






maximum dose of 160 mg of TMP and 800 mg of SMX; bid x 14 days (28 doses)





2). Contraindicated in infants < 2 months, pregnant women at term, or nursing mothers




c. Note that young infants who present with severe illness (R/O sepsis or pneumonia) in 





whom the diagnosis is not suspected will not likely receive effective empiric 




antibiotics; ampicillin and gentamicin or a cephalosporin will be of no benefit to a 




pertussis victim.




d. An unfortunate feature of pertussis is that antibiotic therapy may not improve the victim's





clinical course if it is not started early (particularly in the catarrhal phase), when the 





diagnosis is unlikely to be suspected. Therapy is nonetheless essential for limiting the





interval in which the disease is transmissible.



2. Supportive care




a. Oxygen, pulse oximetry




b. Suction techniques




c. NPO/IV fluids/nutritional support (PIC line and HA may be needed)




d. Intubation not usually needed but may be indicated




e. Extreme measures: exchange transfusion, leukopheresis, ECMO (note that even ECMO





usually fails: mortality in the ELSO database was 70.5%)



3. Unproven therapy




a. Steroids 





1). Systemic steroids are not standard therapy, though some experts recommend them on 






a case by case basis.





2). Inhaled steroids are thought by some to ameliorate frequent paroxysmal coughing 






spells




b. Symptomatic treatments for spells: note that none of these is proven or routinely 




recommended





1). Bronchodilators?





2). Cough suppressants?





3). Antihistamines?





4). Sedation?




c. Pertussis immune globulin has been recommended by some but is not demonstrably 





effective in reduction of disease severity

IV. Summary


A. Far from being eradicated, pertussis is a serious current public health concern


B. Better detection and most important, better prevention should improve the situation.


C. PERTUSSIS CAN BE ERADICATED
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